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PREFACE 



Challenges and Focus 

This book focuses on three interdependent research initiatives designed to 
facilitate the management of transitions toward sustainable development. 
These initiatives consist of: (a) mapping sustainability as a domain of know- 
ledge; (b) contributing to the development of global knowledge e-networking 
and extending the knowledge value chain; and (c) exploring new methods to 
expand our knowledge and to improve e-networking practices. While the 
activities differ in nature, scale and scope, they are highly interconnected. It is 
our hope that, jointly, they will contribute to our common quest for a sust- 
ainable future. 

Our underlying objectives are to contribute to the provision, manage- 
ment, and sharing of knowledge, and to enhance the value of knowledge and 
its uses by different constituencies in diverse contexts and at different stages 
of development. The central theme of this book, connecting its different 
parts, is about ways of transcending critical barriers to the effective uses of 
knowledge and e-networking. Of special relevance is the development of new 
approaches to the provision and transmission - from local sources to global 
networks and from global sources to local networks. In many ways, this is a 
book of theory and methods, as well as policy and performance. 

Concepts Defined 

According to Webster’s New Collegiate Dictionary, to map is “to make a 
survey,” and “a network” is “an interconnected or interrelated chain, group, 
or system.” Mapping Sustainability means surveying the broad area of sustai- 
nable development and presenting a detailed accounting of its characteristic 
features, and, on this basis, generating a structured ontology of the knowledge 
domain. In this context, global knowledge e-networking means engaging in 
cyber-based interaction and communication, around a knowledge domain of 
shared interest, framed by common organizing principles that enable further 
consolidation as well as greater expansion of knowledge. Extending the value 
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chain means identifying and engaging in effective ways of enhancing the 
gains associated knowledge and e-networking. Exploring new knowledge 
and e-networking means designing and using novel methods for generating 
knowledge and enhancing the utility of e-networking. It also means illustrat- 
ing the potentials of the innovation and demonstrating its relevance to the 
issues at hand. 

In this context, Mapping Sustainability is both a concept-based and a 
content-based, approach to the domain of “sustainable development,” with 
the lull realization that the nature of such understanding changes over time, 
and that representations of concept and of content must evolve accordingly. 
Mapping generates the ontology for the sustainable development domain, 
which serves as a baseline for future inquiry. 

The ontology represents our prevailing understandings of dominant prob- 
lems due to human activities as well as the range of solutions as currently 
conceived - in scientific and technical terms, as well as in social and regula- 
tory terms. For mapping purposes, the focus is on the content-architecture: 
the levels, linkages, and complexities of sustainability. By extension, global 
knowledge e-networking is about innovations in strategic uses of cyberspace 
for providing sharing, developing, creating, and organizing knowledge for 
sustainability. 

The various initiatives that bear upon about the knowledge value chain 
are about ways of thinking about and creating new knowledge pertaining 
to transitions toward sustainable development - taking into account global 
complexities associated with states and firms, local and global considera- 
tions, and diversity in methods and technologies of inquiry. 

Finally, new explorations and innovations involve relatively untested 
approaches for enhancing our stock of knowledge, to specific value for the 
sustainability domain, and to enhancing modes of facilitating knowledge- 
based transition foundations of the global agenda. 

Plan of the Book 

As a collaborative initiative - involving the efforts, ideas, contributions, and 
insights of a large number of individuals and institutions worldwide - this 
book is in three Parts. 

Part I focuses on developing a map for sustainability and its computa- 
tional implementation in an e-Laboratory, known as the Global System for 
Sustainable Development (GSSD), as well as on several applications that 
represent the e-Laboratory to date. Part I is theoretical and analytical, as well 
as methodological and computational - focused on the process of mapping 
sustainability, designing ways of transcending the barriers to knowledge, and 
implementing a knowledge networking system of global reach. 
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Among the dominant barriers to sustainable development, several of the 
most compelling are addressed in this book. Among these are fundamental 
ambiguities surrounding the concept of sustainability, compounded by multi- 
plicity of perspectives, conflicts and contentions, as well as powerful cleavages 
due to differences in language, culture, and socio-economic condition. Then 
there are barriers on the ground, involving infrastructure conditions and con- 
straints, differentials in price and cost, and differences in access to new user- 
based technologies for exploiting the power of cyberspace. In addition, there 
are key impediments embedded in existing venues for knowledge network- 
ing, related to content development and its provision in e-venues. Individu- 
ally, each of these barriers is daunting in its own right, but collectively they 
become especially powerful. 

The chapters of Part I are about ways in which we have addressed these 
critical barriers. A key feature of Part I is the ontology of sustainability, which 
puts forth a detailed profding of the domain content. In terms of methods, the 
key features include new applications of e-technology and computational tools, 
the design and management of distributed workflow, and the related instru- 
mentalities of e-collaboration on a global scale. 

Part II focuses largely on the issue of value - the value of knowledge and 
the value chain. It concentrates on contextual, institutional, and operational 
challenges associated with knowledge e-networking in private and public 
domains and explores particular types of innovations and technological 
applications. Accordingly, Part II addresses methodological, institutional, and 
cross-cultural challenges related to global knowledge e-networking as well 
as applications in fundamentally different cultural, linguistic, socio-economic, 
political and decision contexts. 

The chapters of Part II are written from the perspective of concerns and 
issues evident at the end nodes of distributed global knowledge networking. 
Several chapters involve e-based interactions across languages and cultures 
and address different ways of understanding challenges of sustainable devel- 
opment. They also illustrate the operational implications of some new trajec- 
tories for knowledge and derived from experience to date. More specifically, 
we focus on the perspectives of Arabic-speaking and Chinese-speaking par- 
ticipants in global e-networks. This means that we need to better understand 
how knowledge can be utilized in order to realize targeted changes. 

In addition. Part II also considers specific aspects of e-knowledge value 
for global business, and reviews various ways in which the value of know- 
ledge can be captured. The chapters that address such challenges highlight 
the importance of driving functions, organizational reach, and decision scope 
for different types of global enterprises. 

Part III is about new exploration and innovations in a wide range of issue 
areas, to illustrate both the novel perspective as well as its potential applica- 
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tions. While these chapters may seem disjointed in focus when considered 
individually, collectively however, they illustrate explorations and innova- 
tions in a wide range of contexts bearing on transitions toward sustainable 
development. More specifically, individual chapters focus on: (a) new visu- 
alization technologies for extracting inferences and information about the 
global system, on the whole and in its individual parts, (b) attention to new 
activities and functionalities for government and governance of states, given 
the technological opportunities provided by cyber venues, electronic com- 
munication, and access to the Internet, (c) Global Agenda!, a simulation and 
gaming e-system, and potential teaching tool, for grappling with decision 
and choice in a world of increasingly severe hotspots, (d) ways of illustrating 
the synergy between law and sustainability, (e) empirical manifestations of the 
role of property rights in environment and growth, and (f ) early data on the 
ways in which the banking system is responding to the challenges of climate 
change and attendant implications for risk associated with finance of critical 
projects. 

These chapters are followed by an effort to take stock of the conceptual 
foundations in the study of international relations. This chapter highlights 
key differences between basic (mainstream) theoretical perspectives and the 
more advanced (emergent) logic. The former represents the traditional views 
that remain dominant to date. The latter departs from tradition and takes into 
account key interconnections between social systems and natural systems 
over the past decades - between human and nature - and provides important 
correctives for the distorting effects of the pervasive homo-centrality imposed 
by tradition. 

In its entirety, this book is an international initiative. It is a product of 
sustained collaboration among a large number of individuals in the scientific 
and academic communities, in business, industry, and in public policy. Many 
aspects of this effort are rooted in activities of the Alliance for Global Sus- 
tainability. But, it is clearly the persistent interest and commitment of the 
editors, the authors and all of the contributors that has brought this initiative 
to its successful conclusion. 



Nazli Choucri 
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MAPPING SUSTAINABILITY 

Logic and Framework 



Nazli Choucri 



Introduction 

While almost everyone agrees that the quest for sustainable development is 
one of the most significant challenges for all societies in all parts of the 
world, there are considerable disagreements about the specific meaning of 
sustainable development and a range of contentions surrounding the term 
sustainability. This situation is particularly problematic in light of the explo- 
sion of information about sustainability now available in electronic form, the 
increasing use of the Internet as a mode of communication and exchange, 
and the difficulties often encountered in locating and selecting relevant 
knowledge on any specific set of issues. These conditions create a critical 
imperative, namely, one of devising a strategy for organizing and managing 
information flows about sustainability on the Internet, where quantity domi- 
nates and quality is often sacrificed. This imperative revolves around matters 
of content and of conduit. 

The purpose of this chapter is to present a conceptual framework to guide 
our understanding of the overall issues at hand and examine their constituent 
elements in order to organize existing knowledge on sustainable develop- 
ment. The conceptual framework also serves as the basic architecture for 
thinking about, searching for, and retrieving knowledge bearing on the spe- 
cific aspects of sustainability of interest in any situation. Since the process of 
engaging in transitions to sustainability is itself a moving target, we would 
expect that efforts to develop a knowledge-base on sustainability will yield 
results that change over time. In this context, the challenge is to capture the 
elements that appear to be most relevant, and to discard others as appro- 
priate. 

A fundamental prerequisite, however, is to recognize the all-encom- 
passing context within which such issues take on their most fundamental 
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meaning, namely the nature of the global system and globalization proeess. 
It is no longer possible to consider sustainability of individual entities, states, 
or groups without taking into account the broader configuration of natural 
and social systems within which all entities are embedded. Accordingly, in this 
chapter we highlight some of the most important facets of the global system 
as currently understood, particularly focusing on critical features of the globali- 
zation process. These facets frame the terms of reference, within which we 
will engage in Mapping Sustainability. 



1.1 Globalization and the Global System 

Over the course of many centuries, a major alteration of the international 
system has occurred as populations expanded their activities and political 
entities broadened their reach. The concept of the global system - recent 
addition to the semantics of international relations and world politics - 
formalized our recognition of the powerful interconnections among natural 
systems and social systems. This concept highlights the embeddedness of 
social activities within prevailing environmental contexts and all attendant 
considerations. An inevitable extension of this understanding is reflected in 
the notion of globalization. The ongoing globalization - a legacy of the 20th 
century - may well constitute the greatest challenge to world populations 
since the end of Western European Feudalism, which led to the Congress of 
Westphalia and the establishment of the nation-state system.' 

In principle, the global system refers not just to the social, political, and 
economic systems, but also to the earth, its geological and geographical fea- 
tures, its flora and fauna, and its surroundings (including the sun) which pro- 
vide a unique and indispensable environment for life as we experience it. In 
a sense, the natural environment holds us all hostage and the implications of 
such bindings have become increasingly more complicated as population 
growth and advances in technology have enabled human beings to extend 
their activities and interests into remote enclaves of the planet (and space). 
As a result, we increasingly intervene in natural processes, often blindly and 
without knowledge of the consequences. 

Such interventions lead to toxins. Once we have released our toxins into 
the soil, water, and air, for example, nature’s processes take control. Once 
released, the trajectory, intensity, and damages of effluents are seldom, if 
ever, subject to legal or strategic control. The global system remains dis- 
respectful of, even oblivious to, our political regimes and state boundaries. 



* The Westphalia principles defined the state and its sanctity as the basic unit of international 
relations, and thus reinforce those very factors that undermine the emergence of a global, 
rather than an international, system. 
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And the forging of cyberspace, an essentially technological achievement, 
invariably alters the traditional distributions of voices in international rela- 
tions, shaping new domains of interactions relevant to human behavior, the 
role of the state, and the structure of the international system. 

In this connection, Peter Haas argues that the growing importance of epi- 
stemic communities is shaping our understanding of the global system and 
its fundamental processes, and that this role is a clear acknowledgement of the 
interconnections between natural and social processes (1989).^ Haas argues that 
these environmental conditions constitute a formal recognition of a fourth image 
reversed scenario, where international politics are shaped by global conditions.^ 
It can be compared only indirectly to Peter Gourevitch’s second image reversed 
since the latter focuses entirely on social interactions (political, economic, stra- 
tegic, etc.) with no recognition of the natural system (Gourevitch, 1978). With 
these considerations in mind, later in this chapter we shall point to key features 
of the changing contexts for states and firms, and then focus specifically on our 
strategy for charting this new 21st century reality. 

More immediately, we can consider the forging of cyberspace and the 
new domain for the conduct of political discourse to be a critical feature of 
the global system. Clearly created by human beings and their technological 
ingenuity, this fourth level encompasses the third image, namely the interna- 
tional system that is composed of state actors and others enfranchised by the 
state, as well as those that are commonly thought of as transnational. New 
policy arenas for discourse are responses to new modalities of actions and 
interactions are in the offing. As a result, there are new demands for global 
accord and coordinated action. 

Whatever we may do that drastically interferes with the natural system - 
at any level - can have global repercussions. And any such repercussions at 
the global level could have local implications. Only a global view will demon- 
strate the extent to which war, peace, environmental, and other problems 



^ This characterization refers to the concept of ‘image’ in the study of international relations 
which signals levels of analysis. The traditional levels - defined by the individual, the state, 
and the international system - were first defined by Waltz (1959) extending the notion of 
‘image’ introduced earlier by Boulding (1956). North (1990) and Choucri and North (1993) 
first articulated the concept of the global system, as the fourth image. Choucri (1993) 
made the first extension of the fourth image, as the global system by taking into account 
cyberspace, as a human-created, technological driven generation of new space of interac- 
tions that transcend the conventional three images of the international system. 

^ Among the related efforts in international relations theory contributing to the articulation of 
the fourth image are Modelski (1996), Alker and Haas (1993), Ostrom (1990), Starr (1997), 
Vitousek et al. (1997), Holling (1995), and, of course, Hardin (1968) in the context of fram- 
ing sustainability. Implications of the fourth image for the properties of the second image can 
be derived from Litfin (1998) while at the same time taking into account select imperatives 
of the third image. See also Pollins and Schweller (1999) “linking the levels” focusing on 
shifts in U.S. foreign policy over long spans of time. 
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impinge on one another. In this context, we need to consider how individual 
humans and their needs, wants, desires, demands, capabilities, and actions 
create, constitute, train, shape, and constrain the state and the international 
system, and how all three - individuals, the state, and the international system - 
are embedded in an overall global system. 

A rather simple way of looking at global trends and select constitutive 
elements is presented in Figure 1.1, which shows the distribution of states in 
terms of carbon emission and GDP. 




Figure 1.1 Carbon emissions (thonsands of metric tons) and GDP (constant 
USD), 2000. Based on observations from the United Nations Common Database. 

An obvious inference is that poor countries produce less and pollute less; 
while the richer countries produce more and pollute more. What happens, 
however, when the poor become richer? What are the stresses that result 
from growth? Can sustainability substitute for growth? 

In this figure, as well as all of the ones that follow, the observations dis- 
played contain two sets of information: one pertains to the distribution of 
countries at one point in time, and the other pertains to the imputed evolu- 
tionary pattern of development over time. In the context of Figure 1.1, 
therefore, over time countries located on the lower bottom left side of the 
graph will gradually ‘travel’ along a trajectory of change that leads from 
lesser to greater levels of development toward the top right side. 

When observed empirically, such trajectories go a long way toward help- 
ing us understand the patterns of growth, development, and evolution of 



All figures in this chapter are constructed using Stata 9. 
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states and empires from their pristine beginnings through their rises, declines, 
and eventual disintegrations. A different set of issues is raised in Figure 1.2, 
which shows the distribution of states in terms of energy consumption and 
population size. Since both variables represent aggregate characteristics of 
states, it is not surprising to observe that countries with larger population 
consume a greater amount of energy. 




Figure 1.2 Population and energy consumption (electricity, in millions of kWh), 
2000. Based on observations from the United Nations Common Database. 

In still a different vein, we show in Figure 1.3 another perspective on 
the distribution of countries in the global system, namely the distribution 
of life expectancy at birth, on the one hand, and GDP per capita on the other. 
The obvious is worth noting since it reflects the stark reality of inequality 
in the international system: with few exceptions, the countries with higher 
GDP per capita are also those with higher life expectancy. 

Finally, we show in Figure 1.4 the distribution of countries in terms of 
military expenditures and economic output, GDP. 

Once more, we see the generic inter-state pattern signaling a now-familiar 
view of distribution of states worldwide. This distribution is especially inform- 
ative as it allows for a simple inference. With the exception of one or two 
cases, it is clear that with greater material output (an indicator of wealth) 
come greater expenditures on the military (an indicator of security or insecu- 
rity as the case may be). Both of these factors are usually correlates of the 
globalization process. 
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Figure 1.3 Life expectancy (years) and GDP/capita (constant USD/person), 2000. 
Based on observations from the United Nations Common Database. 




Figure 1.4 Military expenditnre (constant USD) and GDP (constant USD), 2000. 
Based on observations from the United Nations Common Database. 
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Despite the dominanee of globalization in both development and inter- 
national relations debates and diseourses, fundamental differences persist 
about the meaning of this term. It is not always easy to determine which is 
growing faster: the globalization debates or the globalization process itself.^ 
At the very minimum, globalization refers to growing patterns of cross- 
border activities involving aggregations of human activities at various levels 
of analysis. These aggregations shape social interactions, as well as environ- 
mental considerations. 

From a theoretical perspective, however, the spectrum of globalization is 
bracketed by two views. At one end is the conventional view, which is focu- 
sed largely on economics and economic transactions; at the other end is an 
emergent view which stresses the dynamics and complexities of globali- 
zation. 

More specifically, the conventional view defines globalization as the in- 
creased integration of national economies in terms of input, factor, and final 
product markets. This view focuses on intra-state impacts and on issues sur- 
rounding convergence and divergence of cross-border of policy responses. 
While the economy-centric view is important, it is very restrictive as it obs- 
cures many of the more pervasive system-transforming features of today’s 
realities. It may also impede an appreciation of ways in which globalization 
creates new demands for governance induced by social, political, and eco- 
nomic transformations. When placed in the context of current realities, the 
conventional view of globalization represents the processes of growth from 
the perspective of those on the ‘top’ of the global system and pays consi- 
derably less attention to than by those situated at the ‘bottom.’ 

1.1.2 Emergent Logics 

At the other end of the continuum is the emergent logic of globalization - 
the view assumed in this book - which stresses the complexities and atten- 
dant interdependences created by the movements of goods, services, people, 
ideas, and influences across national borders. This perspective is particularly 
dynamic in that it is focused on transformations within and across states due 
to various patterns of mobility, notably those which strain prevailing modes 
of governance and forge new policy spaces as well as demands for new 
forms of coordinated policy responses. 

In this context, we define globalization as the complex process engen- 
dered by (a) the movement of populations, goods and services, influences. 



^ See Castells (1996) for a sociological perspective on globalization and its challenges. 
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effluents, and ideas aeross state boundaries, sueh that (b) these alter the 
strueture of national eeonomies and soeieties, and ereate new forms of inter- 
dependeneies aeross eeonomies; (e) these ehanges, in turn, alter the subse- 
quent movements of goods, services, people, and ideas across boundaries; as 
a result, (d) changes in international structures and process forge new policy 
spaces and (e) create demands new forms for coordinated policy responses. 

In short, this emergent view centers on impacts of flows and movements 
along a causal chain and draws attention to the feedback logic. The causal 
logic flows from differential national and international conditions to shaping 
the movements across boundaries; from movements across boundaries to 
impacts on national economic, political and social structures to conditions 
that create new movements and new processes; from new process effects to 
alterations in the structure of the international system; and from such altera- 
tions to shaping of new policy spaces that, by necessity, create demands for 
new policy responses. 

The essence of globalization lies in the transformations of structures and 
processes that lead to the formation of common policy spaces and require 
new institutional responses. This emerging logic suggests that almost every- 
one is involved in the process and everyone is affected - albeit in different 
ways. The specific manifestations of structure and process may differ, but 
the inherent logics and the feedback dynamics are generic in nature.® 

Increasingly, the socio-political and economic dimensions of today’s 
globalization appear to be knowledge-driven, making knowledge intensity 
one of the most significant features of the world economy at this time. While 
enhanced economic dependence on knowledge has fueled competitiveness 
worldwide, its impacts are considerably less evident in development contexts. 
Against such imperatives, we now turn to the deployment of knowledge for 
facilitating transitions toward sustainable development.’ 



1.2 Knowledge for Sustainable Development 

According to Webster ’s New Collegiate Dictionary, to know is to “hold some- 
thing in one’s mind as true or as being what it purport to be’’. . . [this] “implies 
a sound logical or factual basis’’ [and it also means] “to be convinced of....’’ 



® As an example, if we consider extended enterprises, private and public, whose performance 
is contingent on efficiencies of the internationally distributed supply chain, the exposure 
to globalization pressures is not only unprecedented in scale and scope, but also rapidly 
changing. 

’ Such imperatives further compel us to question the wisdom of the conventional economic 
model that views more growth as a necessary imperative, and the requisites of efficiency 
as a dominant value. 
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By extension, knowledge refers to the “fact or condition of knowing some- 
thing with familiarity gained through experience or association; acquaint- 
ance with our understanding of a science, art, technique, condition, context, 
etc.” [including] ... the range of one’s information and understanding to the 
best of abilities in place [as well as] . . . “The fact or condition of being aware 
of something...” accordingly, what is ‘known’ is that which is ‘generally 
recognized....’ However lacking in elegance these observations might seem, 
they aptly characterize common views of knowledge (1976). 

1.2.1 Knowledge System Defined 

We extend the standard view to take into account a cluster of understandings 
that we refer to as a knowledge system. Thus, we define a knowledge system as: 

An organized structure and dynamic process of interaction generating and 
representing content, components, classes, or types of knowledge, that are 
(a) characterized by domain-relevant features as defined by the user commu- 
nity, (b) reinforced by a set of logical relationships that connect the content 
of knowledge to its value, (c) enhanced by a set of iterative processes that 
enable the evolution, revision, adaptation, and advances, and (d) subject to 
criteria of relevance, reliability, and quality. 

Among the most fundamental attributes of knowledge is that its acquisi- 
tion and utilization follows the law of increasing returns. This means that 
the more knowledge which is obtained and used, the greater the likelihood 
that it will be valuable to the user. This critical feature is a distinctive input 
into social and economic activities. Our purpose here is only to highlight a 
feature upon which much of the trends toward knowledge intensity are 
based. The presumption is that a knowledge system has value, in one form or 
another, and that capturing this value is essential for enhancing knowledge 
intensity in economic activities. Further along, we specify the constituent 
elements of a knowledge market in modular terms. 

Conventionally, value is defined as “fair return or equivalent in goods, 
services, or money for something exchanged” (Webster, 1976). Value also 
connotes worth of some kind, as well as being of some importance. But the 
terms of value are not implied in the core concepts, nor are its units of meas- 
urement. The value of knowledge has different meanings in private and in 
public settings. In public settings it is viewed in terms of facilitating the pro- 
vision of services for meeting social needs and for implementing policies to 
improve social and public well being. In private contexts, it is often con- 
nected to economic gain, notably to market prices and conditions. 

At the same time, however, harnessing knowledge is only part of the chal- 
lenge. Equally, if not more, important is the ability to communicate, share, 
manage, expand, revise, and generate new knowledge. 
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As noted in the Preface, Webster’s Collegiate Dictionary states that to 
map is “to represent ... to delineate ... to assign to every element of a ... set 
an element of the same or another set,” and “to be located near the corres- 
ponding structural [element]” (1976). In such terms, Mapping Sustainability 
presents a way of representing knowledge content in the domain of sustain- 
nable development, with the full expectation that such knowledge changes 
over time, and that its representations must adjust accordingly. For mapping 
purposes, the focus here is on the content-architecture - the levels, linkages 
and complexities - that characterizes the domain of sustainability. 

1.2.2 Sustainable Development 

Our view of sustainable development focuses on human activities, and places 
the individual, in social settings, at its core, while taking into account and 
respecting the imperatives of nature and natural systems. We define sustain- 
able development as the process of meeting the needs of current and future 
generations without undermining the resilience of the life-supporting prop- 
erties of nature and the integrity and security of social systems. 

Extending this definition further, we differentiate among critical funda- 
mental processes that represent the sustainability arena. These processes refer 
to the nature of ecological systems, the type of economic activities, modes of 
governance, and institutional performance. To become sustainable, a social 
system must exhibit a certain degree of viability within and across each of 
these processes. Accordingly, it is useful to consider the various features of 
these processes and the ways in which these processes may lead toward sus- 
tainability. 

Specifically, a system will tend toward sustainability if the (a) ecological 
systems exhibit balance and resilience; (b) economic production and consump- 
tion account for efficiency and equity; (c) governance involves participation 
and responsiveness; and (d) institutions demonstrate adaptation and feed- 
back. In short, if - and only if - prevailing trends point toward these condi- 
tions will a social system tend toward sustainability. 

In this connection, access to, and effective use of, knowledge is critical in 
shaping and managing social goals. This knowledge imperative is especially 
relevant for trajectories toward sustainable development - in all contexts and 
in both industrial and industrializing countries. Despite advances in infor- 
mation and communication technologies, major political, strategic, economic 
and institutional barriers continue to impede the use of knowledge for policy 
purposes. In the sustainability domain, as in many others, the making of 
decisions and the formation of policy seldom draw on the full range of rele- 
vant knowledge, or utilize critical knowledge materials that may be avail- 
able. Moreover, the complexity of sustainability, coupled with ambiguities in 
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its meanings and understandings, further reinforce the difficulties of bringing 
existing knowledge into policy debates. 

The challenge at hand does not arise from a lack of knowledge, data, 
information, published materials, raw observations, and so on, but rather from 
the absence of intellectual coherence and some internally consistent logic, 
which if put in place, would lead to best uses of existing materials. The dearth 
of integrative approaches (or frameworks) may well be among the most signi- 
ficant barriers preventing effective access to large bodies of knowledge that 
bear upon the domain of sustainable development. Different stakeholders in 
different parts of the world have different views and priorities about what is 
real, what is important, and what can be done as a result. This is especially 
true in the domain of sustainable development where a wide range of know- 
ledge and knowledge systems are emerging. 

1.2.3 Rationale for Mapping Sustainability 

Given that the quest for sustainable development has become a global chall- 
enge, we need to converge on a shared understanding of the knowledge 
domain. This convergence requires a multidisciplinary perspective, spanning 
local to global levels as well as a range of very diverse forms and types of 
knowledge. More specifically, there are four imperatives shaping this map- 
ping initiative: 

Conceptually, while everyone recognizes that sustainable development 
is a holistic and integrative concept, there are considerable ambiguities per- 
taining to interconnections among various facets of human activities, to the 
constituent elements of sustainability, and to the proverbial matter of inter- 
linkages. More importantly, there is as yet no overall view of the ways in 
which major forms of human activities generate problems that threaten 
social systems and natural environments or a coherent understanding of 
various solutions, socio-economic and political, as well as scientific and 
technical. 

Disagreements also persist regarding the solutions to sustainability pro- 
blems, and the conditions under which one alternative might be better than 
another. Mapping Sustainability is a step in the direction of intellectual order 
and coherence. It involves unbundling the knowledge content, and rendering 
a detailed account of issues central to sustainable development. 

Strategically, mapping the knowledge domain of sustainable develop- 
ment is intended to help organize evolving knowledge about sustainability, 
and to make it more accessible for agents of change in public policy, busi- 
ness strategy, and creative ventures. It is also intended to facilitate access to 
cutting-edge analysis, innovative technologies, and multidisciplinary pers- 
pectives. We also seek to expand opportunities for knowledge provision and 
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sharing through experimenting with different forms of collaboration and take 
into account diverse views and perspectives. 

Operationally, mapping provides a set of rules for organizing existing 
knowledge about sustainability in ways that are functional as well as repli- 
cable. As such, it serves as a means of enhancing our understanding and 
reducing barriers to sustainable development. At the same time, mapping 
alerts us to situations in which the solution to one problem becomes, itself, 
the sources of another problem. 

Functionally, to the extent that the mapping initiative is effective, it 
provides the foundations for the design of web-based capabilities for know- 
ledge management, networking and sharing. It also enhances our appreciation 
of the details surrounding this domain of human activity helps to define 
policy responses and practices. 



1.3 Frame System for Mapping Sustainability 

Clearly articulated, the framing challenge is straight-forward: how best can 
we apply intellectual order to a domain of knowledge which remains ad hoc 
in its nature? In this book, we frame the domain of sustainable development, 
formulate a basic ontology, and derive rules for indexing knowledge materials 
in internally consistent and structured terms. 

1.3.1 Frame and Ontology 

Drawing on the work of Marvin Minsky - the founding Director of MIT’s 
Artificial Intelligence Laboratory - it is useful to think of a frame as “a sort 
of skeleton, something like an application form with many blanks or slots to 
be filled” (1986: 245). Our framing challenge is to provide the skeleton 
within which to fill knowledge materials pertaining to the general subject of 
sustainable development. In so doing, we are developing the framework for 
articulating the parameters of sustainable development as a knowledge 
domain. Moreover, as Minsky reminds us, “[fjrames are drawn from past 
experience and rarely fit new situations perfectly. We therefore have to learn 
how do adapt our frames to each particular experience” (1986: 245). 

The knowledge pertaining to the sustainability domain consists of the 
materials that are used to fill the slots. When the frame is fully articulated, 
and the slots are defined in sufficient detail, we can accommodate multiple 
aspects of sustainable development. 

This way of thinking about knowledge representation is particularly use- 
ful in new domains, where the referent is of increasing importance to an every 
growing community of people and of countries, but where there remain 
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considerable uncertainties and ambiguities about the nature of the slots, and 
about the items that should be used to fdl in the blanks. The challenge now 
becomes one of deriving a knowledge-representation architecture. 

Earlier in this chapter we put forth our operational definition of sustain- 
nable development, and identified its fundamental conditions. Useful as that 
definition may be, it is still too general a statement to serve as anything other 
than delineating the nature of the framing challenge. The skeleton remains to 
be stmctured and the slots remain to be defined, so that the blanks can be filled. 
What is now needed is a set of rules for articulating a complete frame sys- 
tem, one that can yield an internally consistent ontology for sustainability. 

Given the origins of ontology in philosophy and epistemology, it is often 
easy to overlook the operational implications for knowledge representation. 
In the context of devising a frame system for sustainability, the term onto- 
logy refers to the detailed description of concepts and sub-concepts, as well 
as relationships that represent interactions among entities associated with the 
domain. An ontology is a description - like a formal specification of a pro- 
gram - of the concepts and relationships that can exist for an agent or a 
community of agents. For our purposes, given the computational objectives, 
the term ontology takes on a specific operational meaning. 

Consistent with the mapping objectives signaled above, the goals of onto- 
logy for sustainability are conceptual, strategic, operational and functional. 
More specifically, for architectural purposes, we need to articulate know- 
ledge content with sufficient specificity as to enable computational represen- 
tation which, when successful, then ensures effective knowledge sharing and 
management. The one critical ontology rule is that of respecting internal 
consistency in structuring the skeleton and then populating the slots - both 
italicized terms due to Minsky (1986). 

The frame system yields an architecture structured as a set of nested and 
hierarchical relationships, or individual parts and coherent wholes. In terms 
of core principles, the representation of sustainability is anchored in three 
basic principles. The first principle consists of the definition of the individual 
domains of human activity (i.e. topics or conditions at hand). The second prin- 
ciple involves the specification of attendant dimensions spanning each of the 
domains (i.e. problem created and types of solutions proposed). The third 
principle of the frame system is an accounting of the coordinated inter- 
national actions that are designed to steer, reduce, mitigate, or otherwise 
manage the challenges to sustainable development through the use of multi- 
lateral policy instruments. 

We now turn to the content of the domain and dimensions, and their in- 
tersection (thus addressing the first and the second principles), and then we 
consider the types of coordinated actions among members of the interna- 
tional community in response to sustainability challenges (the third framing 
principle). 
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1.3.2 Domains 

The point of departure for mapping sustainability is to select the core con- 
cepts (or topics) of interest. The goal is to be indicative and inclusive, not 
exhaustive or definitive. We show in Table 1.1 the differentiation of domains 
by generic type, yielding 14 distinct, but interconnected, aspects of human 
activities and conditions. Simplistic as this figure might seem, it is founda- 
tional in terms of conceptual architecture. It is an essential feature of the 
frame system, as it meets the requirements of the first design principle, 
namely identifying the specific domains of human activity to be addressed 
throughout the mapping initiative. 

Table 1.1 Domains of sustainable development. 

Demographic domain 

• Population Dynamics 

• Urbanization 

• Migration and Dislocation 

• Consumption patterns 

• Unmet basic needs 

Energy and natural resource domain 

• Energy use and source 

• Forests and land uses 

• Water uses and sources 

• Agricultural and rural activities 

Technology-centered domain 

• Trade and Finance 

• Industry and Manufacturing 

• Mobility and Transport 

Domains of decisions and choices 

• Conflict and War 

• Governance and Institutions 

Note that Table 1.1 shows only the first-order differentiation of human 
activity, the first step in developing ontology on ontology as a foundation for 
computation. As we proceed, we demonstrate how a set of disaggregation 
(or unbundling) rules allow for considerable refinement or granularity of 
representation or sustainable development domains without deviating from 
the core principles or the rules that connect them. 

Figure 1.5 shows the same domains as in Table 1.1, however the display 
is different, and meaning is assigned to the difference. Figuratively, each 
topic constitutes a slice of the overall domain space. As we proceed, we will 
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show how each of these slices (of core concepts) is further differentiated 
in terms of content-specificity and embedded in an integrated structure of 
knowledge representation. We will also identify the major problems generated 
by domain-specific types of human activities. In other words, we are seeking 
to identify the modal relationships between activities and conditions, on one 
hand, and sustainability problems that emerge as a consequence, on the other. 
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Figure 1.5 Domains of the conceptual framework. 

Operationally, the forgoing means that we resort to the consistency factor 
in order to render the representation of the first principle (domains) consis- 
tent with that of the second principle (dimensions), both noted earlier. Re- 
taining a consistency of structure across domains and dimensions allows us 
to build topic-specific ontology-segments that remain consistent across all 
topics addressed. At the same time, as we note further along, we must lift 
this restriction when incidents of coordinated international interactions tran- 
scend domains and dimensions. The restriction refers to the nature of the 
third principle, also defined earlier. 

1.3.3 Dimensions 

The next step is to specify the problems created by human activities that may 
threaten the viability of natural and/or of social systems and to delineate as 
specifically as possible the characteristic features of these problems. Concep- 
tually, this means that the domains shown in Table 1.1 and in Figure 1.5 must 
be further disaggregated into a set of dimensions whose individual contents 
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are customized to the realities of each domain of human activities. These 
dimensions are represented as a set of concentric circles, consistent with the 
embedded aspects of Mapping Sustainability. 

The dimensionality issue refers to a specific design decision about select 
characteristics. For each of the individual domains, we seek to articulate the 
type of problems that are generated by human activities and conditions. Once 
the problems are identified, then we can take stock of the body of solutions 
available. In practice, the challenge of creating an ontology is to specify in 
some detail the contents for two broad classes of solutions. The first pertains 
to classes of Scientific and Technical solutions, and the second addresses 
Social, Economic, Political and Regulatory responses. In the context of Figure 
1.5, the dimensions are depicted as rings, and the domains are depicted as 
slices. It is important to keep in mind that problems and solutions are dynamic, 
and will thus change over time. What might be regarded as a solution to one 
problem today may well be defined as a problem in its own right later on. 
Fundamental to the entire enterprise of knowledge development and repre- 
sentation is the expectation that the contents will change and that, under cer- 
tain conditions, the underlying conceptual framework will also change. If the 
changes are substantial then the very fundamentals are called into question, 
and prospects of an entire paradigm change must then be raised. 

A simplified view of the key dimensions is shown in Figure 1.6 for the 
14 domains identified in Table 1.1 and signaled by the radial differentiations 
in Figure 1.5. 
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Figure 1.6 Dimensions of the conceptnal framework. 
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So far, we have met the requirements of the first and the second principles 
for insuring a robust frame system, we now turn to issues at the intersections 
between domains and dimensions. 

1.3.4 Intersections of Domains and Dimensions 

Given the substantive coverage, the overall knowledge representation strategy 
can now be described in terms of domain representation and the hierarchical 
dimensions. Combining content around concepts in a hierarchical design yields 
the integrated framework, whereby each core concept (domain or topic) is 
extended in vertical and nested terms and thus connects domains and dimen- 
sions.* 

With such considerations in mind, we proceed to disaggregate the know- 
ledge contents for domains as well as dimensions of sustainability. This dis- 
play is topic-specific, thus yielding 14 ontology-contents (or slices), which 
we show in Appendix A. Each topic array can be seen as representing the 
table of contents for the individual issue-areas. In other words. Appendix A 
shows the basic content structure in skeletal form for each of the 14 domains 
of human activities, thus addressing the dimensions-details as well. 

Further along in this chapter we show the conceptual logic, as well as the 
operational logic, for representing the connectivity structure between domain 
and dimension - for each of the fourteen issue-areas. The connectivity pro- 
perties are essential to the integrity of the knowledge-base as the essence of 
the nestedness lies in the intersection between domains and dimensions. 

1.3.5 Coordinated International Actions 

To complete the mapping initiative, we now turn to the third principle of the 
frame system by providing structure to the all-encompassing set of coordi- 
nated international actions designed to manage the damages and dislocations 
generated by human activities. In this segment of the knowledge-architecture, 
the contents of coordinated international as a new element in the design, 
namely the fifth ring. 

This new feature encompasses and spans across the entire knowledge 
system of human activities, problems and solution types. With this move, the 
architecture departs from the domain-dimension structure of the nested sys- 
tem - whereby each domain of human activity is also characterized in terms 
of dimension- features. This ring is shown in Figure 1.7 and represents modal 
types of coordinated international actions. Parenthetically, the whitespace in 
the center indicates the location of Figures 1.5 and 1.6 (i.e. the slices and rings 
for the frame system) that meet the first and the second framing principles. 

* The details of the nested elements are described further along. 
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Figure 1. 7 Global sustainability strategies. 

The deviation from the design imposed by the first and the seeond framing 
principles (slice and ring) rests on the assumption that individual forms and 
types of international agreements cover a range of topics or elements within 
and across the nested system. Recall that, jointly, these two principles help 
ensure consistency or congruence of knowledge representation for the core 
issue areas addressed in Mapping Sustainability. This factor is a form of 
fragmentation-by-necessity. At the same time, it is only such for initial organi- 
zational purposes. The radials differentiating among the various domains 
of human activities are presented in broken, not solid, lines - as a rather 
reminder of this very important precept. 

In terms of content, the third principle provides internal consistency 
needed in order to take stock of a set of generic forms of coordinated inter- 
national responses that, individually and jointly, these modalities are designed 
to facilitate consensus towards sustainability, e.g. Agenda 21, various con- 
ventions and other new development mechanisms.’ 
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New development mechanisms include joint implementation and clean development, among 
others. 
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Designed to ensure eonsistency in the representation of eontent, the know- 
ledge strategy for Mapping Sustainability is struetured in terms of a hierar- 
chically nested system. At this point, we show in some detail the architecture 
of the nesting logic, and the ways in which the first and second principles of 
design for the frame system are pulled together. The same conceptual speci- 
fications hold across all 14 substantive domains pertaining to sustainability. 
They provide an internally consistent, subject-driven, knowledge-management 
strategy.'® Linkages across subjects are facilitated by a cross-referencing 
system." 

1.4.1 Framework Elements 

The elements of the overall conceptual framework in Figures 1.5 and 1.6 
present a broad view of the frame system and its design scheme. At this 
point, we put forth the formal definition for each key term. 

Slice: Domain of Core Concept. A slice is a hierarchy of elements that 
constitutes the content features customized for each of the individual domains. 

Ring: Dimension of Problem and Solution. A ring refers to specific aspects 
of issues, consequences, and responses, namely, (i) types of human activities 
and conditions associated with each general issue area, (ii) types of problems 
or dysfunctions generated by such activities and conditions, (hi) technical and 
scientific solutions proposed to date, and (iv) the socio-economic, political, 
and regulatory solutions.'^ 

Cell: Granular Manifestation. A cell represents distinctive micro-level 
knowledge items at specific intersections of slices and rings (i.e. domain and 
dimension).'^ 

1.4.2 Linkage System 

The entire frame system - the knowledge sfructure - is integrated through its 
connectivity logic which defines how different pieces of the framework are 



'® Note again that the connectivity structure operates across first and the second frame princi- 
ples, but not the third since the latter refers to actions that can target any item of slice or 
ring. 

" The cross-referencing is done at the point of entry, in the Submit Site form, as discussed 
later in Part I. 

Figure 1.7 also includes an additional Ring in the system as a whole, namely that of coor- 
dinated international actions that transcend and cut across all of the domains of human 
activity. 

All of the above holds throughout the entire system structure, with the exception of the 
additional ring in Figure 1.7. 
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connected to each other and to system as a whole. This logic serves also as a 
mechanism to (a) guide the content-based indexing system and links the 
elements of the hierarchical system and (b) provides the computational pro- 
tocol for knowledge management. 

Accordingly, Figure 1.8 shows the nested linkages and the connectivity 
logic in generic form. This logic holds for each of the fourteen domains (i.e. 
topics, concepts, or activities). Thus, Figure 1.8 presents the generic linkage 
frame of the entire knowledge-base, for both conceptual as well as computa- 
tional purposes. 




Figure 1.8 Linkages across the conceptual framework. 

A view of the integrated frame system for domains and dimensions is 
thus derived by combining knowledge about the individual domains (i.e. 
concepts, types of human activity), with the attendant characteristics features. 
As to be expected, when the slots are filled - even in a first-order rendering - 
the display of content can be quite dense. 

Figure 1.9 presents a simplified view of the knowledge-base, by that 
identifying the domains explicitly and noting the dimensions graphically. 
The multidimensionality of the conceptual frame is evident even in this 
aggregate representation. It is useful to note that this design is generic in the 
sense that it can be applied to any issue-area or problem of interest. For 
example, if we consider the domain of industry, we can then differentiate 
among different types of facets of industrial activity in considerable detail, 
while still adhering to the basic conceptual framework. 
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Figure 1.9 View of domains and dimensions. 



As presented here, Figure 1.9 can accommodate any structured know- 
ledge domain or knowledge content. This feature greatly facilitates the task 
of customization for meeting individual user demands for different content- 
representations versions. The design as a whole can be modified by adding 
or deleting individual slices and rings. 

1.5 Integrated Knowledge Content 

At this point, we turn to the challenging task of content display and the 
representation of substance representation. The challenge lies less in the formu- 
lation of content, since it is essentially rule-derived, and instead in accommoda- 
ting the constraints of the hard-copy printed page in the physical form, venue. 

The display of content for the knowledge domain of sustainable develop- 
ment, shown in Figure 1.10 consists of the slots of the frame system, the 
slices and rings, filled with the appropriate content. Figure 1.10 is thus the 
combined representation of Figures 1.5 and 1.6 with all of the content-items 
integrated therein. 

The purpose of Figure 1.10 is to show the derivative nature of the frame 
system (and its hierarchical and nested logic). Guided by the theoretical con- 
structs noted earlier, each entry refers to a specific knowledge item at the 



The generic quality of this design for organizing knowledge will be demonstrated in Chap- 
ters 10 and 11. 
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intersection of a domain and a dimension. The elements of international rela- 
tions and global accord (the fifth ring) are not represented in this view, but 
given the complexity of content, it does not provide the same level of granu- 
larity as the above two display methods. Earlier, we referred to Figures 1.5 
and 1.6 as representing a first-order accounting of knowledge content. Put 
differently, this means that the display shows only the higher-level entries in 
the ontology, and not the derivative or detailed specifications. At this point, 
we turn to the representation of the knowledge system as a whole. A more 
detailed representation of the knowledge domain is shown in Appendix A. 



1.6 The Value of Mapping Sustainability 

Earlier in this chapter, we noted some basic reasons for engaging in mapping 
sustainable development as a knowledge domain. Having presented the logic, 
as well as the design principles of Mapping - addressing principles, structure, 
and architecture - we now turn to a fundamental query, namely, what is the 
value-added of this initiative? 

By way of summary, we note elements of value-added due to the Mapping 
initiative. 

One: Mapping Sustainability provides an internally consistent baseline of 
sustainable development. The science of sustainability is at an early stage of 
development; therefore this baseline consists of a systematic representation 
of the constitutive elements. 

Two: Mapping is based on the application of a multidimensional onto- 
logy designed specifically to represent key aspects of the issue-area at hand, 
including attendant complexities and interconnections. Mapping provides not 
only an insurance against the temptation to engage in undue simplification, 
but more important, a systematic view of what must be taken into account 
when addressing any single domain or dimension. 

Three: Conceived and written in English, the terms used throughout 
Mapping Sustainability are commonly understood by English speakers. The 
definitions of concepts is intended to interject a degree of precision in under- 
standing, even when the subject itself can be interpreted differently by dif- 
ferent communities of knowledge, policy, or practice. 

Four: When Mapping Sustainability is rendered in another language, we 
generally assume that the various concepts are portable and that each language 
does in fact have a corresponding term. This assumption is simply wrong. In 
Arabic and in Chinese, for example, the sustainable development substantive 
vocabulary is not as fully developed as in English. This has required us to 
help formulate the equivalence for the terms and concepts in question. The 
result is as reliable a multilingual rendering of key elements of sustainable 
development as is currently possible. 
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Five: The ontology, in conjunction with and the companion GSSD Glos- 
sary of explanations and definitions, serves also as an indexing system to cate- 
gorize e-materials of relevance with various degrees of granularity or detail. 

Six: Computationally, the elements of the ontology consist of the tags 
that assign knowledge-content to the appropriate slot. The assignment proc- 
ess is an ongoing activity. To simplify, however, this means that when the 
assignment-to-slot is completed for an item, it is then incorporated in the 
overall knowledge-base. 

Seven: The repository for the knowledge-base on sustainable develop- 
ment is an integral part of GSSD, and it is available for different types of 
uses. For example, some users may draw upon the materials for teaching 
purposes, others for public presentations, still others for knowledge develop- 
ment, and so on. 

Eight: Since the ontology serves as a provider of topics identifiers and 
outlines for diverse purposes, it also serves as a mechanism for tracking 
changes in understanding and evolving knowledge over time. It is something 
of a ‘nef (in the most literal sense) to help track evolving knowledge over 
time. 

Nine: Mapping Sustainability provides also the knowledge platform for 
the provision of local content, i.e. knowledge generated at the local or vari- 
ous sub-national and national levels around the world. Routed through GSSD, 
such local knowledge represents the ‘voices’ of communities that are not 
often expressed in cyber venues that, to date, remain dominated by inputs 
from advanced industrial countries. 

Ten: The design of Mapping - and its application for knowledge man- 
agement - consists of the common organizing principles and represents the 
shared understanding that guides e-networking among a set of actors and 
agents converging around sustainable development as a knowledge domain. 



1.7 End Note 

Mapping Sustainability is the first step in the broader computational strategy 
for reducing e-barriers to knowledge pertaining to sustainable development. 
It is the foundation for generating a shared understanding of content and 
provides the fundamentals for engaging in e-networking to enhance both 
content and value of knowledge. The fundamentals of computation are predi- 
cated on advances in information technologies. And the fundamentals for 
reducing knowledge gaps are based on enhanced knowledge e-networking 
practices and strategies. 

In Chapter 2 we show how Mapping Sustainability is transformed into a 
computational frame for global knowledge e-networking. We demonstrate 
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the principles guiding computability of GSSD as an interactive web-based 
e-knowledge networking system, GSSD. The goal is to facilitate access to, 
and provision of, knowledge bearing on transitions toward sustainability. 
More specifically, the challenge we address is to reduce e-barriers to know- 
ledge access, provision, sharing and distribution worldwide. 
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GLOBAL KNOWLEDGE e-NETWORKING 

Identifying e-Barriers and Introducing GSSD 



Nazli Choucri 



Introduction 

The purpose of this ehapter is to show how the results of the mapping 
sustainability initiative provide the foundations for organizing the substan- 
tive materials - the knowledge eontent - distributed throughout a global 
e-networking system eoneemed with sustainable development. The issues 
addressed here are put forth as seen from the perspective of different 
user-types. In subsequent chapters, we will show how the architecture of the 
knowledge system and its conceptual foundations are utilized at the end-of- 
the-line, so to speak, to meet key knowledge needs and demands in different 
social and/or institutional contexts. 

This chapter proceeds as follows: first, we identify the knowledge objec- 
tives that drive the global e-networking initiative at hand. This task presents 
the broad terms of reference for the book as a whole as well as the logic for 
its individual parts. Second, we highlight characteristic features of know- 
ledge networking as a form e-interaction and communication, and define the 
key elements. Third, we turn to the computational context, noting the contri- 
butions to information technologies (IT) for transitions toward sustainable 
development. In so doing, we identify the key e-barriers to knowledge for 
sustainability, and then highlight the solution strategies we have developed 
in response to these barriers. Together, these factors define the boundaries 
of our overall research design. Fourth, we introduce the Global System for 
Sustainable Development (GSSD), a knowledge e-networking system which 
serves as the computational platform to incorporate the individual solutions 
to specific e-barriers into an integrated system. Fifth, we then focus on some 
key user-centered features of the system (front-stage, so to speak) and we 
note key operational features that reduce the e-barriers to knowledge access 
in various parts of the world (namely backstage properties). And finally, we 
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turn briefly to who uses GSSD, how it is used, and why those who use it 
choose to do so. 



2.1 Knowledge Objectives and e-Networking 

Issues and challenges such as these are at the frontier of current practices in 
knowledge management. They are also at the frontier of prevailing theory in 
the domain of sustainable development as well as at the frontier of cyber- 
space. They are especially challenging in terms of collaborative multicultural 
and multilingual e-networking for knowledge development purposes as well 
as policy making. These are all critical imperatives since we are dealing with 
knowledge and its management, and not with information and its observa- 
tion; with evolving Internet resources and not with static hard copy holdings; 
with multiple and decentralized sources of knowledge generation, organiza- 
tion and provision, and not with the creation of centralized inputs - and all 
are addressed through an integrated conceptual and computational frame- 
work. 

2.1.1 Knowledge Objectives 

Three sets of objectives shape the implementation-side of a global know- 
ledge e-networking system derived from mapping sustainability. As currently 
conceived, these objectives are driven by a vision of distributed knowledge 
e-networking that is framed in theoretical as well as operational terms. 

First are the scientific goals, namely to improve the prevailing under- 
standing of sustainability issues, contribute to the formation of a sustain- 
ability model, and facilitate access to evolving cutting edge scientific and 
technical information, applications and innovations. 

Second are matters of e-participation and outreach, specifically helping 
to generate, support, and maintain an integrated and adaptive perspective on 
sustainability issues at all levels of development, and to enable better voicing 
of multiple views and diverse perspectives from all parts of the world. 

Third are the policy-centered goals at all levels. Nationally, the policy- 
related purpose is to engage in assessment of progress in implementation of 
international initiatives, as framed for example in Agenda 21. Internation- 
ally, the main goal is to facilitate international e-collaboration, in large part 
by contributing to the reduction of e-barriers to pertaining to sustainability 
and enhance modalities for e-networking. 

Framed thus, these knowledge-related objectives are both general in 
scope and specific in applications. They are compelling as well as necessary 
if we are to take seriously the challenge of developing knowledge-based 
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trajectories toward sustainability. Individually and jointly, these goals frame 
essential tasks for the international community as a whole; they are part of a 
basic must-do package, the contents and details of which will be addressed 
further along. 

2.1.2 Knowledge e-Networking 

Knowledge networking involves active participation by the members (or 
users) of the network. Based on our actual practice, empirical strategies, and 
operations on a global scale, we define the properties of effective e-know- 
ledge networking as: 

A computer-assisted organized system of discrete actors (a) endowed with 
knowledge producing capacity, (b) combined through the use of common 
organizing principles, (c) retaining their individual autonomy, such that (d) 
networking enhances the value of knowledge to the actors and, accordingly, 
(e) the stock of knowledge is further expanded.' 

Jointly these seemingly incompatible properties generate patterns of in- 
teraction, which then create multiplier effects throughout the entire know- 
ledge system. At each point, there could be barriers or impediments, but 
there could also be enabling factors.^ In select chapters of Part II in this 
book, other definitions are put forth. However, they are all consistent with 
this basic statement. 

In practice, effective knowledge e-networking facilitates two mutually 
reinforcing outcomes: the globalization of knowledge via greater diffusion, 
and the localization of knowledge via representation of distinct local techni- 
cal and linguistic features. In both contexts, networking is a critical enabler 
for harnessing the value of knowledge (cross border, cultures, disciplines, 
etc.) and transforming knowledge into practical applications or implementa- 
tions. Here, of course, there is the presumption of added value associated 
with knowledge e-networking. 

The important point is that the diffusion of knowledge networking makes 
it functionally possible to engage in multidirectional and multiparty interac- 
tions (i.e. top-down, as well as bottom-up). It facilitates the flow of know- 
ledge generated at various levels in the social order, both within and across 
different communities. Moreover, access to interactive knowledge networking 
empowers stakeholder groups to express their preferences and make explicit 
their inputs into decisions, while giving decision-makers access to multiple 

* I am grateful to Steven Millman and Gerard McHugh for insights into the formulation of this 

definition. See Choucri, McHugh and Millman (1999). 

^ Of relevance here is Strogatz (2001) on the subject of exploring complex networks (p. 268). 

To the answer for the question: “why is network anatomy so important to characterize?”, 

Strogatz responds: “Because structure always affects function.” 
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stakeholder communities. None of this assumes that all e-interactions are 
unrestricted, that fdters and censorship do not exist, or that governments 
are not intervening in e-processes. e-Networking venues may provide new 
empowerment opportunities - for everyone and everywhere - that were not 
available earlier. 

While networking in general, and knowledge networking in particular, 
are important for public and private enterprises, the evidence remains to be 
codified systematically. There is a large literature on these issues, but a lim- 
ited amount of empirical evidence, and an even more limited amount of 
empirical evidence in the domain of sustainable development. Later on, in 
Part III, we address these issues in greater detail for the firm, for interna- 
tional corporations, and for extended enterprises. Here we highlight only the 
tip of the proverbial iceberg. 

One inquiry is particularly noteworthy. In a recent study of fifty enter- 
prises in developing countries, Wheeler et al. (2005) found that informal 
networks - including business, not-for-profit organizations, and various 
community-based groups - play a large role in performance, especially in 
relation to formal networks and established institutional mechanisms. Dis- 
tributed in Africa, Latin America, Asia, and worldwide, these enterprises 
span a range of different economic sectors. These include agribusiness, 
energy, financial services, Internet and communications technology, manu- 
facturing, and others. These cases are pre-selected as a sample of ‘self- 
reliant’ endeavors that arises with and without association with high level or 
multinational corporations. While sustainable local enterprises of this sort 
create value, what is important here that the actors are united by a shared 
view of “what is valuable” and this view is fundamental to their success. 
Even more important, however, is the related finding that networks allow for 
“the idea that members may define value in different ways” (Wheeler et al., 
2005: 38). Noteworthy in this context is the value attributed to tangible as 
well as non-tangible resources and assets. 

In this connection, we posit that networking is the operational mechanism 
for enabling the value of knowledge through the diffusion of its content The 
term new knowledge refers to the emergent demand for knowledge about 
matters that were not previously salient, on the one hand, and also implies 
the recognition that prevailing knowledge about salient matters is no longer 
as useful or relevant as previously thought, on the other. 

This brings us once again to knowledge as an input into economic 
activity, a source of value added and a domain of understanding in its own 
right. The content of knowledge constitutes the utility of interest to us. The 
provision of, and access to, knowledge can amount to a major source of co 
advantage in non-commercial contexts. In addition, however, we need to 
consider conduit (the infrastructures and related facilities required for Inter- 
net access) as well as capacity (the ability to utilize e-functionalities). These 
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are critical features that bear directly on the computational context for the 
challenges at hand. 



2.2 Identifying E-Barriers 

So far, we have focused on conceptual and knowledge-related issues - not 
on operational ones. In Chapter 1, we presented the potential gains from 
mapping. We now address the transmission mechanisms, and how know- 
ledge flows through the conduits, made possible by advances in Information 
technology. 

2.2.1 Synergy of IT and Sustainability 

Almost everyone agrees that innovations in IT somehow contribute to growth, 
but there is considerable disagreement about the nature of the evidence and 
the ways in which those contributions make their way through the society 
and economy. Recent studies showing the increasing knowledge intensity of 
economic activities in almost all of the industrial countries contributed to an 
accelerated interest in e-venues for growth in the developing countries. 
National and international institutions alike appear to be focusing on the 
e-potentials for growth in private as well as public sectors, and almost every 
developing country is now mounting a national IT development plan. 

The World Summit on Information Society (WSIS) placed IT-related 
issues at the center of global politics.^ So, too, for every argument one finds 
about IT supporting democracy and participation there is a counterargument, 
namely that IT enables governments to impose, control, or limit access to the 
Internet. Nonetheless, the availability of cyber venues clearly increases rather 
than decreases to the retrieval of information, the availability of choice, and the 
potentials for individual as well as group ‘voicing’ of views and preferences. 

It was John Seely Brown and Paul Duguid (2000) who first drew atten- 
tion to the potential contributions of information technology for achieving 
sustainable development. By focusing on four specific functions in the 
operations of IT - namely, de-specialization, de-centralization, de-massifi- 
cation, and de-materialization - the relevance to sustainable development 
becomes more evident. In principle, therefore, IT constitutes one class of 
technologies that can improve rather than impede the quest for sustainable 
development. Some other, second order, contributions are often cited, namely 
the possibility of substitution functions (such as shifting from physical trans- 
formation to IT-based communication) or reducing key disconnects (notably 

^ See Allenby (2001) for one of the earliest discussions of the mutually reinforcing relation- 
ships of IT and sustainable development. 
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structural and policy gaps). Common among such disconnects are, for exam- 
ple, those between information use and the value of information re-use; 
between stakeholders and government; or between formal plans and actual 
implementation. 

At the same time, there is a growing literature pointing to the downside 
of increased use of IT, ranging from concerns about the nature of the content 
that is being transmitted, or the service that is being undertaken, or the 
impacts that either of these might have on the user. There are also are ques- 
tions about the precise amount of energy saved in due to the deployment of 
information technology for meeting social needs. Then, too, despite the many 
contributions to economic performance and the increased dependence of the 
global economy on knowledge products and processes, it comes as no sur- 
prise that fundamental disparities in cyber-access persist and that powerful 
e-barriers to knowledge access remain in place. 

2.2.2 e-Barriers and Solution Strategies 

Of the many observable e-barriers that impede transitions toward develop- 
ment, six sets are especially compelling. Devising strategies for their resolu- 
tion amounts to a major challenge, one that is addressed throughout Part I of 
this book. 

First is the range of conceptual ambiguities in the knowledge domain 
itself The complexity of sustainability is demonstrated in research and 
policy circles, as is he diversity of views and definitions generate a range of 
contentions surrounding both the concept and its uses for research, policy, or 
strategy. By mapping sustainability, we presented a conceptual framework 
and ontology to guide our understanding of the overall issues and of their 
constituent elements to the extent feasible - in order to help organize exist- 
ing knowledge pertaining to the broad domain of sustainable development. 

Second is the explosion of information about sustainability. This explo- 
sion is giving rise to access problems and attendant difficulties of selecting 
relevant materials on any specific set of issues. The dilemma is basically one 
of managing information flow (or overflow), on the Internet where quantity 
dominates and quality is sacrificed. Our solution is to put in place a know- 
ledge provision process that includes with quality controls and reality checks. 

Third is the set of powerful infrastructure constraints that impede access 
to the Internet, fostering digital differences between rich and poor. Such digital 
differences clearly restrain sustainable development. Our solution is to estab- 
lish a set of operational partnership with knowledge providers in order to gen- 
erate a greater variety of potential knowledge for users of e-materials. This 
solution involves a mirror-site strategy, so that individuals are able to access 
knowledge-systems and knowledge-bases by connecting to servers closer to 
them. 
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Fourth is the reality that the Internet - a largely English-speaking venue 
in a world that is non-English speaking - generates systematie disparities in 
assigning meaning to e-materials. Our solution to this very real problem is to 
engage in multilingual knowledge e-networking in order to enable users and 
providers from various parts of the world to express themselves in appro- 
priate language, idiom and terms. 

Fifth is the set of strong biases in knowledge-provision. Given structural 
impediments to Internet access and the dominance of English, e-materials 
and resources are highly concentrated at both source (input) and retrieval 
(output). This means that the voices heard are mainly those from the ‘north’ 
while voices of the ‘south’ remain relatively silent. The solution we have 
developed to address this problem is the creation of workflow strategy for 
content provision worldwide based on the dual principles of global collabo- 
ration, on the one hand, and protection of individual and institutional auto- 
nomy, on the other. 

Sixth, and finally, is the set of usual impediments due to cost and price. 
The economics of Internet access make it difficult for most people, in most 
places, to participate in the new cyber domain, thus compounding the impli- 
cations of variability in infrastructure conditions throughout the world. Our 
solution strategy consists of a pragmatic in-kind cost-sharing approach that 
reduces the burdens home by collaborating partners. 

Each of these types of e-barriers is significant in its own right. Jointly, 
they create powerful obstacles to the effective knowledge e-access. By the 
same token, each of the solution strategies noted above contributes to the 
reduction of attendant impediments. Together, they enhance e-knowledge 
retrieval and provision and, by extension, strengthen the overall capacities of 
diverse users. 



2.3 Global System for Sustainable Development 

The computational strategy designed to address the six sets of e-barriers 
is embedded in the architecture and workflow of GSSD. More specifically, 
GSSD is an adaptive and evolving global knowledge system dedicated to 
sustainable development. A set of knowledge management, provision, search, 
retrieval, and navigation functionalities allow users to customize their know- 
ledge-inputs and/or to tailor specific retrieval queries over the GSSD know- 
ledge-base. 

In partnership with collaborating institutions and colleagues worldwide, 
GSSD seeks to focus on selective knowledge of recognized quality supported 
by institutions or organizations that serve as certified knowledge providers. 
In other words, one of the key functions of the GSSD knowledge-base is to 
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make it easier for users to locate knowledge of interest and, by the same 
token, to facilitate their provision of knowledge into global networks. The 
following chapters turn to these issues in greater detail. Here we note only 
the key features of GSSD in the most general terms. 

2.3.1 Mission and Objectives 

Computationally, GSSD is designed to: 

(1) make evolving knowledge about sustainability more accessible to 
agents of change for public policy, business strategy; and creative 
ventures by facilitating access to cutting-edge analysis, innovative 
technologies, and multidisciplinary knowledge; 

(2) facilitate knowledge sharing through customized search engines, 
quality-controlled knowledge retrieval tools, non-diverse multilingual 
capacities, and decision-tools to identify options available in techno- 
logies, policies, and strategies; 

(3) provide theoretical context and framework for use of advanced 
information and communication technologies to support sustainable 
development by strengthening capacities for knowledge, decision, 
policy and practice. 

2.3.2 GSSD Functional Capabilities 

GSSD provides seven types of e-capabilities (or frinctionalities) that consti- 
tute an integrated and evolving knowledge system. Simply put, GSSD can be 
seen as: 

• a strategy for integrating and organizing knowledge related to the 
domain of sustainable development, in multidimensional, multisector, 
and international terms; 

• an integrated and wide-ranging international as well as multidiscipli- 
nary knowledge-base on sustainable development; 

• a method to represent this knowledge by a plurality of interrelated 
concepts, and interrelationships that are organized in internally consis- 
tent and hierarchical form; 

• a set of selection and retrieval functionalities consisting of search 
engines and browsers which operate over the system’s quality-controlled 
knowledge-base; 

• enhanced capabilities enabling alternative multilingual knowledge 
provisions, search, and navigation venues; 

• a workflow consisting of synchronization and replication providing a 
‘cloning’ process for all mirror sites; 
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• a platform for housing reports on new and innovative approaches to 
the management of sustainability at all levels and in all contexts. 

These functional capabilities are integrated in a computational system. 
The system itself is anchored in a set of human-machine relationships, inclu- 
ding material features, physical properties, human operators and management 
skills. 



2.3.3 GSSD Physical Structure 



A view of the human-machine features of the system is useful at this point. 
Figure 2. 1 shows the raw building blocks that enable the key functionalities. 
It is often difficult to envisage who does what and how and when as we refer 
to the functionalities of any computational system. Since GSSD operates as a 
network of networks and can only be implemented as a set of mirror sites 
in collaboration with partners and institutions in different locations, the ele- 
ments in Figure 2.1 are intended to convey the physical requirements for 
e-networking at each and every one of the mirror sites, in each and every 
location. This feature is a central to our overall strategy for ‘leveling the 
playing field. ’ 




Figure 2.1 Raw building blocks of GSSD. 



2.4 GSSD e-Networking Functionalities 

In order to provide a more informative view of GSSD functions we use an 
integrative visual representation, presented in Figure 2.2. The remainder of 
this chapter reviews the functions available to a user by organizing this 
discussion around a multiple screen view. At the center of Figure 2.2 is the 
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GSSD English language home page.'^ Each of the individual screen views 
can be called via the select buttons. 




Figure 2.2 Multiple screen view of key GSSD functions. 

The diversity of functionalities provided - to be reviewed in some detail 
below - reflects not only the features of the system as a whole, but far more 
important, the strategy of seeking to respond to the needs of different types 
of users. Alternatively, one may envisage the same individual user seeking to 
access a range of different functionalities the specific requirements at the time. 

While the intellectual value of GSSD clearly lies in its knowledge-base 
and domain content, the operational value added is due to the multidimen- 
sional perspective available to the user in any given issue. Of relevance in 
the following discussion is not so much what one sees if one opens the site, 
but rather why one sees the presented material, and what else is available by 
navigating through the system. 



As we note elsewhere, access to the English Language homepage is undertaken via the 
GSSD system home page. In the example, the user has located the home page and has 
selected ‘English’ as the language in the mirror site closest to him or her. 
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A brief note on the separate views in Figure 2.2 provides some orientation 
for the remainder of this section. Starting from center-left and moving clock- 
wise, we begin with Using GSSD that covers in more condensed and short 
cut fashion some of the most important conceptual issues addressed critical 
to the domain of sustainability. Here we define what is ‘sustainable devel- 
opment,’ and point to the core concepts and their constitutive elements, the 
organization of the knowledge-base, the search options and functions, as 
well as other features of the site. 

Search takes the user (or reader) to the options available for navigation 
and retrieval, as well as browsing over the GSSD knowledge-base. 

What’s New is used periodically for sharing materials of special rele- 
vance for various uses and users. 

Reports points to select papers and research reports generated by the 
GSSD researchers and collaborators as a means of reducing the gap between 
the availability of new research and results, and their diffusion and trans- 
mission to others. 

Submit Site provides the mechanism for knowledge provision, indexing, 
cross-referencing and housing in the system’s knowledge-base. Submit Site 
and Search are companion functions - connecting knowledge provision and 
providers (supply) with knowledge uses and users (demand). 

Contact Us is designed to do precisely that - to facilitate communication 
and exchange. It also maintains a record of individual and institutional con- 
tributors and collaborations over time. 

Given the rapidly changing nature of content, technology, and strategic 
interests, this record provides a view of the GSSD initiative since its incep- 
tion in terms of a history as well as sociology of knowledge 

2.4.2 Using GSSD 

This segment highlights the conceptual, theoretical, and functional features 
of GSSD. It can be viewed on a stand-alone basis as well as a pointer to 
other sections of the site and other functions. It is the core of the system’s 
intellectual backbone or nerve structure. A screen view of Using GSSD is in 
Figure 2.3. Again, the figure is largely for recognition purposes. 

To borrow a notable vision from the late Karl W. Deutsch’s famous 
book. The Nerves of Government (1963), it is fair to say that Using GSSD 
provides viewers, readers, and users with a guide to the substantive and 
operational nerves of the system. From the user perspective, the sections on 
Introduction, GSSD Function and Architecture, and Guide to Core Concepts 
are perhaps among the most substantive in terms of showing how the frame 
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Figure 2.3 Screen view of Using GSSD. 



system of mapping sustainability, developed in Chapter 1, serves as the intel- 
leetual strueture for knowledge e-representation and e-organization. In other 
words, these site-segments foeus on the knowledge-domain of the system. It 
notes to the user why the subjeet of sustainable development is important at 
this point in time, and what are its theoretieal implications and contributions. 

Much of the actual applications of the foregoing for purposes of identify- 
ing, using or contributing to the rapidly growing Internet resources bearing 
on sustainability - most broadly defined - is summarized in GSSD Func- 
tionality and Architecture. The Guide to Core Concepts essentially consists 
of the ontology for the knowledge domain. It is reproduced in Appendix A 
to this book. The static-format of knowledge profiling - the detailed contents 
for each of the fourteen topics or slices, organized issues or rings, as well 
as cells, concepts, and sub-concepts - is used operationally as the index- 
ing mechanism for populating the e-knowledge materials on sustainable 
development. It is also used for interactively for purposes of knowledge pro- 
vision, search, retrieval, and other system queries. 

More specifically, there are two major contributions derived from the 
Guide to Core Concepts. First, we provide a detailed knowledge standard for 
indexing of the contents of each of the fourteen slices (essentially a subject 
profile which represents the elements in the ontology). Second is to use this 
indexing standard or convention in order to (a) search for relevant Internet 
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resources as potential candidates for inclusion in the GSSD knowledge-base; 
(b) provide a standardized method for referring to, and reflecting, the con- 
tents of selected resources; and (c) enable systematic cross-referencing across 
topics that are usually treated in disparate or unconnected contexts. 

Jointly, these factors constitute the overall standards for addressing mul- 
tidisciplinary knowledge with diverse forms of knowledge representation. 
Overall however, on strictly intellectual grounds, the most powerful source 
of value-added is the knowledge-domain ontology for sustainable develop- 
ment. 

2.4.3 Search GSSD 

The retrieval of knowledge from the GSSD repository can be done in a con- 
tent driven manner. For example, for the user who wishes to use GSSD 
largely as a selective cyber-library. Search GSSD puts forth a number of 
strategies and options, as well as information about the conceptual frame- 
work, the indexing system, abstracting procedures and so on. The screen 
views here are seen from the reader’s or user’s perspective. He or she may 
not wish to know the details pertaining to conceptual issues or technical 
matters, so the bare minimum is covered to enable educated usage. 

Users who call upon Search GSSD may have a wide range of interests 
and motivations.^ They often range from highly focused and knowledgeable 
in their own domain, seeking to explore adjacent domains of sustainability, 
on the one hand, to those that have broader interests and use the search 
options for exploratory or experimental purposes - and possibly every varia- 
tion thereof. To facilitate any knowledge-driven search process, it is helpful 
to have access to alternative options with different degrees of specificity and 
different extent of conceptual guidance. Figure 2.4 shows the basic screen 
view of the first order options. Again, the view is for recognition purposes. 

Depicted in this figure from left to right are the Text Search (available in 
Simple or Advanced forms). All Holdings (spanning the entire knowledge- 
base), Industry Holdings (referring to a customized knowledge-base focusing 
on industrial sectors of economic activity, and the search over the Alliance 
for Global Sustainability (AGS) materials. With the exception of the Text 
Search, the other options are all graphical in form. 



^ Parenthetically, recalling Figure 2.2, here we note that the Consortium Button links to the 
institutions and collaborators that were instrumental to the development and implementa- 
tion of GSSD throughout its early experiments and pilot phase. Consisting of governmen- 
tal institutions, corporations, research foundations, and academic institutions, its informal 
core constituted the founders and core contributors of GSSD, including the Global Envi- 
ronment Facility, MISTRA (Sweden), AT&T, Xerox, Sony Environment Center (Europe), 
and others. 
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Figure 2.4 Screen view of Search GSSD. 




Figure 2.5 Screen view of more detailed graphical browsers and search options. 
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An added view of the search options is represented in Figure 2.5, derived 
from a combined screen shot. The top part of the figure shows which con- 
cepts-driven search, that is, by slice (domain), ring (dimension) and cell 
(concept).* These options are graphical in nature, used as browsers, and gen- 
erally applied to All Holdings (unless specified differently by the user). The 
lower segment of this combined screen view shows the dedicated search for 
industry holdings on the left, the two text-based searches on the right. 

Turning briefly to Advanced Text search. Figure 2.6 shows a screen view 
of the entire mode as the user scrolls down to the items desired. It individual 
interest, search style, or specific needs tend to be particularistic. For illustra- 
tive purposes, we show an example of the knowledge-base queried. 

In this illustrative case, we are interested in exploring the database for 
Conflict and War. A couple of moves may provide direct access to materials 
required. By selecting the Conflict and War slice, fusing All Holdings for 
instance, and the focusing on the ‘sustainability problem’ ring - we are now 
doing a slice/ring search. 

The following type of results are returned: first a listing of all returns that 
meet this general slice/ring query,’ with a brief identification of relevant con- 
cepts; then if the user selects the second item on that list, for example, the app- 
ropriate Abstract is returned. If the abstract is of interest to the user, then the 
next step is for the user to click directly on the url of the original site itself At 
this point, the user has obtained a considerable amount of information about 
the nature of the relevant e-resources, in both general and specific terms. 

Figure 2.7 shows a screen view of the hypothetical retrieval in response 
to a user query. By clicking on the noted url, the user is directed to the origi- 
nal source. 

2.4.4 Submit Site 

Given that the knowledge-base for the sustainability domain is evolving, as 
well as is distributed and dynamic, facilities must be available for submis- 
sion and quality control of selected material into the knowledge repository. 
Submit Site enables web-based inputs of knowledge-content. The operational 
protocol (facilitates cross-indexing and cross referencing when Search GSSD 
is called upon. It is the conjunction of Submit Site and Search GSSD that 
provides the functionality for the interactive knowledge-base site in ways 
that directly reflect the user’s needs.’ 



* The graphical browsers are designed to follow the GSSD conceptual framework. The Guide 
to Core Concepts provides a useful reminder of the content representation for the know- 
ledge-base. 

’ By referring to the knowledge-base as a cyber-library, we use a conventional idiom to con- 
vey non-conventional functions. 
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Figure 2.6 Screen view of Advanced Text Search. 
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Figure 2. 7 Screen view of Advanced Text Search Result (example), 
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Reports points to the new knowledge and research developments of the GSSD 
team, its collaborators, and their related ongoing projects. Central among these 
is the MIT Press Series on Global Environmental Accords: Sustainability and 
Institutional Innovation. This series consists of the most innovative research 
on environment and sustainability in the social sciences. In many ways, it pro- 
vides the intellectual correlates strengthened by the contents of the Series sup- 
ports as well as by ongoing research initiatives associated with the entire 
GSSD enterprise. As such, the knowledge-base is enhanced a regular basis. 

The preview of new research undertaken within the broad GSSD context 
is found in Research and in Science, Technology & Policy. These are mainly 
pre-publications reports or phases of ongoing research, and are available to 
interested GSSD users. 



2.5 e-Knowledge Uses and Users 

Who uses a global e-knowledge networking system like GSSD? Why and 
how? Simple as these questions might seem, the answers are somewhat more 
complex. There are multiple user-types with different goals and motivations 
and often using different parts of the system, hence different system targets. 
At the most general level, there are four generic user-types stand out: (a) ac- 
cess users for search, retrieval, or content-related purposes; (b) input users 
for provision of the knowledge-base; (c) system-wide users who are essen- 
tially partners in the global initiative; and (d) co-developers who are users 
motivated by the challenge of improving performance and creating new 
functionalities. 

2.5.1 Access Users 

Professional access-users come from several very different constituencies, 
each with different goals and priorities, as well as demands and requirements. 
Among these user-types are (i) researchers, educators and students who use 
GSSD largely as a cyber library, drawing on search and browse options; 
(ii) individuals in the public sector, at national, international, inter-govern- 
mental levels, who are interested in, or have responsibilities for, program 
development, policy formulation, or stakeholder assessments, for example, 
and consult GSSD for the cross-referencing, indexing or conceptual struc- 
tures, as well as for its Reports; (iii) decision-makers, i.e. persons who are 
responsible for formulating action-strategies or making choices about policy 
directions and trajectories, in both the private and public sectors; (iv) policy 
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leaders, for agenda setting, consensus-building - beyond matters of stake- 
holder representation - in diverse institutional contexts; (v) professional 
associations interested in or connected with any of the topics (slices) or 
issues (rings); and (vi) any of the above who are GSSD current collaborators 
on theory, content, policy, or practice. 

2.5.2 Inputs Users 

This set of users consists principally of knowledge providers. They are the 
participants in and the collaborators for maintaining and improving the 
evolving knowledge-base. Their principle usage is Submit site. They may be 
known provider, or anonymous web users. They may be one time input users, 
or multiple time users. Submit Site is often shaped by their own concerns 
following visits to Search GSSD. In essence, these are knowledge providers, 
who seek to use the system to diffuse their knowledge-base, data, informa- 
tion, theory, policy positions and the like. While they do follow the basic 
Submit Site directives into the knowledge-base, they cannot be providers for 
the GSSD Reports section. 

2.5.3 System-Wide Users 

In the most general sense, system-wide users are (a) mirror site administra- 
tors and staff; (b) content participants in GSSD multilingual operations; or 
(c) managers of local content provision. Chapters 3 and 4 address the organi- 
zational and technical requirements associated with system-wide users. 

2.5.4 Development Users 

Cumbersome as this designation might be, it covers some specific roles and 
functions pertaining to extension of knowledge management capabilities, 
inclusion of new languages, adding operational efficiencies, and a range of 
activities that can best be labeled as frontiers issues. A particular variant of 
co-development is reflected by system developers who use the intellectual 
architecture of GSSD as a standard and platform for their own products, 
which may be distributed subsequently through GSSD. There are also cases 
where the basic conceptual framework appears to be used by others strictly 
for purposes of organizing and communicating their own materials. 

2.5.5 Partners and Partnerships 

By definition, distributed knowledge management involves some degree of 
collaboration on a worldwide basis. Such collaboration requires a particularly 
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diverse set of partners, in order to represent different stakeholders in the 
global system, at different levels of development. The GSSD collaborators 
are homogenous. They are nearly as diverse as diverse as the configuration 
of the international community. 

For the most part, the partners consist of different user-types (as summa- 
rized above), with special contributions, requirements, and responsibilities. 
In general, however, they are all interested in exchanging information, data 
and knowledge, exploring common problems encountered in Internet-based 
information management, anticipating evolving directions in technology and 
applications, and enhancing ways of expanding GSSD abilities and functions 
to meet the needs of diverse users which have different demands. 

The common goal shared by GSSD partners is to address innovative 
responses to sustainability challenges - at all levels of development, in all 
parts of the world. They seek to provide multiple forms of networking facili- 
ties across stakeholder communities to help identify innovative approaches, 
enabling technologies, as well as new institutional, financial and regulatory 
mechanisms for meeting sustainability challenges that confront us all, in 
both rich and poor countries. Four of the chapters in Part II are devoted to 
the challenges of e-partnering. 



2.6 Conclusion 

This chapter focuses on the other side of Mapping, namely the transforma- 
tion of a knowledge frame into a computational system for the purpose of 
facilitating access of knowledge about sustainable development. At the same 
time, however, we fully appreciate the powerful barriers that impede access 
to the Internet for users in many parts of the world. Aside from matters of 
censorship, government control, or other politically induced impediments, 
there are notable e-barriers of a structural nature. 

Accordingly, in this chapter we address the characteristics of six sets 
of barriers, first by highlighting our solution strategies. The computational 
aspects of the solution-strategy are designed in an integrated form and im- 
plemented via GSSD. By way of illustrating the basic GSSD functionalities 
we presented a multiscreen to help guide a simplified tour of its operations. 

Against this background. Chapter 3 focuses on the development and appli- 
cation of a global workflow strategy customized specifically for multilingual 
knowledge content. The work flow represents the collaborative process in 
practice. Accordingly, we signal the steps that each partner takes in order to 
generate an integrated, distributed, multilingual knowledge e-networking 
system. We consider some key user-centered features of the system and note 
key operational features that reduce the e-barriers highlighted earlier. In this 
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way, we address the front-stage as well as the baekstage properties of the 
system. In Part II we foeus on the institutional and organizational innova- 
tions that have been made in order to routines’ the workflow among the 
e-partners (Chapter 5), and reflect on the same issues as seen by the partners 
themselves (Chapter 7). The juxtaposition of views and experiences itself is 
revealing as well as informative. 
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Chapter 3 

GLOBAL WORKFLOW STRATEGY 

Creating and Managing Multilingual Knowledge e-Content 



Nazli Choucri, Famaz Haghseta, and Toufic Mezher 



Introduction 

In Chapter 2, we reviewed the design and implementation of GSSD, a 
knowledge e-networking system focusing on transitions toward sustainable 
development. Central to this effort are defining the knowledge-objectives, 
delineating the logic for knowledge e-networking, identifying critical e- 
barriers and designing solution strategies to help reduce structural impedi- 
ments to knowledge access. 

Operational Aspects of e-Collaboration 

In this chapter we extend the collaborative strategy from knowledge e- 
networking activities, per se and examine the fundamentals of creating and 
managing a distributed global system. In so doing, we address conceptual, 
computational, and other implementation aspects of distributed e-networking 
across languages, regions, and cultures. 

Given that our major objectives are to engage in and expand diverse 
forms of international collaboration around knowledge management and net- 
working, GSSD seeks to help improve our understanding of the challenges 
and opportunities for sustainability. While the application pertains to sustain- 
ability, the connectivity issues are generic in nature, as are the complexities 
of international collaboration and the management of distributed knowledge 
systems. 

The overarching challenge consists of the creation, maintenance, and 
management of a multilingual knowledge-base. In other words, the challenge 
involves defining the overall strategy, the technical requirements, and the 
management and organizational aspects of the e-networking process. The 
challenge is also evaluating a work-in-progress as we learn from earlier 
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experience, and seek to adapt, adjust, and otherwise enhance overall e-perfor- 
mance and collaboration. 

More specifically, we highlight four anchors for global e-collaboration. 
First is the provision of knowledge in terms of content-submission to the 
knowledge-base. Second is the nature of the workflow process, namely how 
new knowledge content that is submitted in diverse locations worldwide is 
processed throughout the system - from the initial input, to web published 
status, in all language-databases and all servers in all locations. Third is the 
design and implementation of a multilingual strategy for distributed net- 
working systems worldwide. And fourth, is examples of customized design 
responses are needed to address different situations on-the-ground. 

The Workflow Process 

The managerial and computational innovations reported in this chapter 
revolve around the creation of the workflow. The workflow is defined as the 
process through which new knowledge content is routed through the system. 
Specifically, the workflow process refers to the path through which each in- 
dividual knowledge item is guided - from site selection, to submission of 
abstracts, to translation into GSSD’s supported languages, and finally to 
publication on all GSSD mirror sites. The workflow consists of the process 
as well as the protocol governing the activities of all partners as they organ- 
ize the knowledge content and its flow throughout the e-network. 

To be effective, when a workflow involves interactions among members 
of a distributed e-network, it must be designed to enable customization as 
needed. One size seldom fits all. Accordingly, in this chapter we show how 
GSSD operates as a globally distributed endeavor by defining the diverse 
functions of knowledge provision, distribution, and translation, and then by 
specifying the steps that must be taken in order to ensure overall perform- 
ance. In so doing, we provide the backstage view of what actually happens 
computationally when knowledge is transmitted from Submit Site and then 
routed from the initial provider to the GSSD system as a whole. 

The issues addressed here are interconnected. On the one hand, we show 
the management and design issues central to the workflow process; and on 
the other we provide the basis for system-transparency - in case a reader 
wishes to know how the submission process is done, and why it is done this 
way. Thus, we provide the basic knowledge required for others to under- 
stand, assess, replicate and most certainly improve upon the actual practice 
of e-collaboration that we have developed. 

Given that GSSD search functions operate across languages, and that the 
abstracts are rendered multilingual as well, the knowledge management 
process requires a certain degree of precision in rendering and coordinating 
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knowledge items across language databases. Since all languages are avail- 
able in all mirror sites, at all times, the challenge is to maintain cross-location 
consistency such that the mirror properties are retained throughout the net- 
work. 

In short, our purpose in this chapter is to render matters of system design 
and operational strategy for a distributed global e-system as transparent as 
possible. The challenges associated with such an effort are daunting, and a 
certain degree of trial and error - with much error - is a pervasive feature of 
the entire enterprise. Then, too, given that cyberspace is an English-speaking 
venue for a world where most people do not speak English, constructing 
multilingual capabilities is an especially relevant endeavor. 



3.1 Selection and Content Provision 

The value of knowledge lies in its content. In the absence of a robust method 
for valuing content, it is incumbant upon us to articulate the ‘quality rules’ 
for knowledge provision. This section begins with a discussion of methods 
and mechanisms for content selection, review, and submission into the 
knowledge-base. Most of the issues addressed can be seen as methodological 
and proceedural in nature, but they are at the very heart of any distributed 
knowledge system. 

In this connection, recall that Mapping Sustainability in Chapter 1 
provides the framing system for sustainable development as an area of know- 
ledge. The knoweldge content therefore consists of systematic observations 
of the domains of human activities as well as the dimensions associated with 
each domain. Recall also that Appendix A, at the end of this book, presents 
at the ‘Guide to Core Concepts,’ in the familiar form of tables of content. 
This knowledge display serves as the bridge between the theory underlying 
this initiative analysis on the conceptual plane and the methdological features 
at the implementation level. 

The issues addressed here pertain to the profiling of knowledge, to its 
abstracting and recording, and to the practical application of conceptual 
guidelines. Increasingly the international community as a whole, and the 
scientific, educational, and knowledge communities more specifically, are 
recognizing the imperatives of decentralization and the invariable attendant 
‘push’ toward localization. More fundamentally, we show some of the prac- 
tical, strategic, and essential tasks that accompany any collaborative know- 
ledge-based initiative - particularly those of global scale and scope. 
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3.1.1 Identifying Content 

To begin with, Internet-resources must be identified as relevant to GSSD’s 
knowledge interests and overall goals, then specific features of knowledge 
are summarized into individual abstracts, and then these are classified 
according to the GSSD knowledge system index-structure and Guide to Core 
Concepts, and finally they are reviewed for consistency and quality prior 
to web publication.' In general, individual sites whose documents are abs- 
tracted for the knowledge-base must be available at no cost to the user, and, 
preferably, with no advertisements.^ 

Given that the focus is always on content, large sites need to be disaggre- 
gated into smaller, more focused content and then differentiated into further 
elements, as relevant.^ Pages of links are useful, but they must be reviewed 
and can often be spidered. By following all the links to outside sites, it 
should be possible, except for the very largest sites, to link directly to the 
original sites rather than through a links page."' 

3.1.2 Sources of Knowledge 

The knowledge-base of GSSD consists of organization-supported holdings 
selected from the following types of sources: 

(a) Formal Institutions, which include well known leading organizations 
focusing on science and technology, or institutions of governments 
and governance, business and industry, as well as major representa- 
tives for civil society (notably non-govemmental organizations). We 
assume that the institution itself is responsible for assuring quality 
and reliability. In essence, we consider reputation and the existence 
of some accountability process at the source. 

(b) Content-Specific and/or Scientific Institutions, which include the 
organizations described above, plus civil society affdiations, such as 
the Population Council, the Energy Defense Council, United Nations 
Development Program, Government of Brazil Ministry of Energy, etc. 

(c) Intermediation Service Entities such as public service or private sec- 
tor third party associations of institutions or publications, such as the 



' The index structure refers to the details in the contents of the Guide to Core Concepts. 

^ Exceptions can be made if absolutely essential. 

^ In the case of a large site that is being disaggregated into individual topic-board sections, an 
abstract should still be created for the main page. (In the case of site reorganization, the 
links to smaller sections of the site may become dead links, but the address of the main 
page will most likely stay the same.) 

Often it is also useful to make separate abstracts for relevant sites. This practice minimizes 
the work required by the GSSD user to find the information he/she is looking for. 
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e-journals or e-reports of the World Business Couneil for Sustainable 
Development. 

(d) Specialized Submissions, or e-materials ereated by individual resear- 
ehers, seholars, and other non-profit professionals. 

3.1.3 Coverage 

The types of e-materials (i.e. knowledge content) to be considered for inclu- 
sion in GSSD include the following: 

• Agreements 

• Bibliographies, reports, and journals 

• Case studies 

• Defmitions/theories 

• Events 

• Indicators/data 

• Models 

• Organizations 

The GSSD Glossary of terms, presented as Appendix B at the end of this 
book, includes definitions of the above, as well as definitions of all key terms 
relevant to the GSSD knowledge content and its organization.^ 

3.1.4 Knowledge Management 

Management of the GSSD knowledge-base consists of two distinct but 
related tasks. First is the organization and classification of knowledge items. 
Second is the periodic review and updating of the overall knowledge-base. 
This task includes the identification of dead links, namely, e-addresses no 
longer in operation, either because the address has changed, or because the 
content is no longer relevant. Once the dead links are identified, the GSSD 
team locates and replaces the materials as appropriate. 

3.1.5 Organization and Classification 

Two procedural and system features are critical operational guides for these 
aspects of content provision. First is use of the sustainable development 



^ Each candidate knowledge entry (abstract item) must have at least one of the following crite- 
ria: be distinctive and identifiable, provide some specific rather than general statements, 
except of course when dealing with policy statements; have some possibility for validation 
or replication; and point to specific content pages, except for abstracts linking to home 
pages. Excluded from consideration are daily news items, popular magazines, opinion 
papers, etc. 
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ontology derived from the framing system and the ontology rules - in terms 
of slices, rings, cells, concepts, sub-concepts, and the fifth ring, i.e. interna- 
tional response and global accords - to provide the semantic and theoretical 
frame for ‘tagging’ each abstract. Second is the methodological requirement 
that each knowledge abstract must, to the extent possible, use the content- 
driven differentiation at the intersection of slices and rings. This refers to the 
detailed specifications within each of the categories in the Guide for Core 
Concepts. Finally, the dominant bias in this process is that of exclusion - on 
quality and relevance grounds - with the corollary that inclusion is not an 
operational directive.'’ The strategy is to purposively maintain a streamlined 
knowledge-base. 

3.1.6 Reviewing and Updating 

By definition, a dynamic knowledge-base is always changing, and we would 
expect it to evolve over time. This is the case with GSSD as new materials 
are included and outdated materials are either updated or removed entirely. 
Since the knowledge-base consists of indexed and abstracted materials of e- 
resources already in the public domain, retaining clean files is an important 
challenge. At this point we turn to quality control guidelines - in terms of 
what to do and, equally important, what not to do - in order to avoid inad- 
vertent problems in the process of adding content to the knowledge-base. 
These same principles also govern our decisions when making changes to 
existing content in the context of the discussion in Chapter 1 . At issue here is 
the process through which the ‘slots’ in the framing system are ‘filled’ and 
the ways in which the extensions are made from individual knowledge 
items-to enhance the design and contents of a knowledge-base. Thus, in order 
to maintain, update, and revise the GSSD knowledge-base, and to assure 
quality and reliability in the process, we have developed a set of guidelines 
coupled with working procezdures. Presented in Appendix C, these elements 
they constitute a guide to content management. 



3.2 Workflow for Multilingual Content 

Once knowledge-content has been submitted for inclusion in the GSSD 
knowledge-base, it is subject to the process of knowledge-management. This 



® Users always have the option of going directly on the Internet and search for their topics of 
interest, using any of the existing search engines. Recall that in Chapters 1 and 2 earlier 
we highlighted the key features of the GSSD strategy, notably that its coverage of content 
is focused, exclusive, and quality controlled. 
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processs governs the flow of eontent from its initial identification and sub- 
mission all the way to its final inclusion and multilingual represetnation in 
the knowledge-base. The entire process consists of a methodology that has 
been developed specifically for meeting the GSSD objectives. Since know- 
ledge provision, management, and sharing is a distributed process, we must 
take into account the implications of multilingual and multicultural realities, 
with all the attendant diversity decentralization. 

Initially, GSSD was designed as a knowledge e-networking application 
focusing on sustainable development and intended to foster the distribution 
and provision of content, in local contexts, multilingual formats, and distrib- 
uted geographic locations all over the world. However, a wide range of 
technological, organizational, and in s titutional challenges have led to a sub- 
stantial redesign of the system. As a result, the development of an innovative 
global workflow application has become a central feature of knowledge 
e-networking. Thus, the new organizational and institutional priorities and 
the related technical requirements transformed GSSD into a unique technical 
application for managing global workflow processes. 

3.2.1 Multilingual Workflow Process 

When content originates from a single language and location, it is routed 
through the GSSD workflow-process toward its destination via global work- 
flow until it is converted into all supported languages and resides on all 
mirror sites of the GSSD network. Clearly, the effective operation of any 
global knowledge e-networking system depends upon an efficient and effec- 
tive workflow among the participating actors. In our case, we need to enable 
users to add content to the knowledge-base, which can then be retrieved by 
GSSD users. 

The concept of knowledge e-networking is founded upon collaboration 
among knowledge-producing actors who retain their autonomy in the course 
of participating in the e-network, and that this autonomy is a source of value 
to the actors as well as to the entire e-network itself Several computational 
challenges are associated with the effort to support the autonomy of the actors. 

Once the content is published to the web, it becomes an extractable part 
of the GSSD knowledge-base, and is available through GSSD functionalities. 
This means that a certain degree of intellectual discipline has been exercised 
regarding the quality of the content and that the submission process has met 
the basic system requirements. See Appendix C for details. Against this back- 
ground, Figure 3.1 provides a highly stylistic view of the multilingual work- 
flow process. 
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Figure 3.1 Workflow process: a stylized view. 

For illustrative purposes, we stress the importanee of the original lang- 
uage of the knowledge-item in question, as well as the location of the 
submission site in the e-network. These are key identifiers that, in turn, deter- 
mine the preeise routing of the submission through the workflow proeess to 
its final inelusion in the GSSD knowledge-base. 

3.2.2 Routing Knowledge-Content 

A more detailed representation of the workflow process is in as signaled in 
Figure 3.2 which follows the same general sequence of steps noted in Figure 
3.1. Consisting of four main segments, the workflow process proceeds as 
follows: for content-abstract consists of four main steps. Each of these steps 
is noted in Figure 3.2 along with a representation of the routing process. The 
steps are as follows: 

(1) An abstract-content is first routed to its local language site for re- 
view and translation into English. For example, if a Chinese abstract 
were routed to the French server, it would be routed to the Chinese 
server for translation. 
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Figure 3.2 Routing knowledge content: four steps of the global workflow proc- 
ess, differentiated by horizontal lines. 
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(2) The abstract is then sent to the central staging server, known as GSSD 
Stage, for review of the abstract in English. 

(3) Once the English abstract is reviewed for accuracy, the GSSD Stage 
server distributes the English version of the abstract to all other lang- 
uage sites. 

(4) The abstract-content is translated into all other languages supported 
by the system. 

When the workflow is completed, the abstract of the new submission has 
gone through the entire system. Its content is now available in all GSSD- 
supported languages. 

In the discussion so far, we have referred to a general case and to the core 
principles of the workflow process. However, the strategy allows us to custo- 
mize the workflow at each step, to meet specific contingencies, while at the 
same time retaining the integrity of the workflow. We now turn to an illus- 
tration of the customization process by comparing four different cases and 
noting the implications for specific steps in the routing of a submission from 
its initial entry point until it is integrated in the GSSD knowledge-base. 

3.3 Customized Workflow: Four Cases 

Given that the workflow is sensitive to the language of origin, a certain 
degree of customization is built into the design of the workflow. At the same 
time, however, customization does not violate the basic workflow principles 
for rendering and retaining congruence across all languages in that it is dif- 
ferent for English-originated content versus content that is initially submitted 
in another language. 

For illustrative purposes we present a comparative view of four cases 
with different routing processes that correspond to different situations on- 
the-ground. Recall that, as noted earlier, the common locale of conversion 
for consistency is the GSSD Stage Server, and that Stage constitutes the focal 
point for ensuring congruence across languages and locations. 

3.3.1 Case I: English Content Submission 

In the first case, the abstract is in English as its point of origin. As Figure 3.3 
shows, the workflow process clearly indicates a highly streamlined sequence. 




